We describe a competitive enzyme immunoassay, the ExtrAvidin#{174}-biotin system, for determining osteocalcin in human serum or plasma. Antibodies were raised against bovine osteocalcin. Binding of the antibodies to osteocalcm was calcium-dependent. Limit of detection is 0.07 nmol/L (0.4 g/L). The standard curve for method is linear between 0.3 and 17.6 nmol/L (1.9 and 100 g/L). Interassay CV over the range 0.9 to 14.8 nmol/L (5.3 to 84 g/L) is 75% to 11.7%. Analytical recovery is 105% ± 5% (mean ± SD). The measurement, which is adapted to microtiter plates, requires only 20 pL of serum and 5 h. We describe here a simple and rapid competitive EIA involving biotinylated
IgG antibodies
to bovine osteocalcin. The ExtrAvidin#{174}-biotin system leads to an acceptable sensitivity and a range of linearity from 0.3 to 17.6 nmoIJL (1.9 to 100 gfL) with 20 L of sample.
Materials and Methods

Enzyme lmmunoassay
Reagents. with BSA as standard. The antibodies were biotinylated with biotin-amidocaproate N-hydroxysuccimmide ester as described by Costello et al. (17) . The biotin conjugate was stored at -20 #{176}C in glycerol (see above) and was stable for >1 year.
Procedure.
We optimized the different steps of the immunoassay procedure. in the phosphate buffer), 100 ML, is then added to each well. The plates are incubated at room temperature for 1 h in a humid chamber.
After that, the plates are washed six times and tapped dry. After addition to each well of 100 pL of the substrate (OPD) reagent, the plates are incubated at room temperature in the dark for 30 mm. The reaction is stopped by adding 100 L per well of H2S04 (1 mol/L). The absorbance of each well is measured at 492 mu with an automated microplate reader (Titertek Multiskan MCC/340; Flow Laboratories).
Calculations.
Results were calculated by using a semilogarithmic graph. We used only the linear part of the standard curve to estimate osteocalcin concentrations.
All unknown samples were assayed in duplicate. The standard curve (Figure 1) represents the mean of five measurements. The linearity for osteocalcin ranges from 0.3 to 17.6 nmol/L (1.9-100 .tg/L), and the detection limit is 70 ± 50 pmolJL (0.4 ± 0.3 &g/L). The The mean recovery (Table 2) Table 4 show that serum osteocalcin concentrations are higher in children than in adults. In boys, the adult values are reached at 20 years, and in girls, at 15 years.
Characterizationof the Method
Hospital ized patients. The mean (SD) serum osteocal- Figure 4C ). Addition of free bilirubin results in variations of the measured osteocalcin of ±15% without apparent relationship with the quantity of added free bilirubin. The effect of 50 to 500 molJL conjugated bilirubin is quite different: There is a decrease in the apparent measured osteocalcin concentration of -15%. Some differences in the influence of the addition of free or conjugated bilirubin were previously reported for other serum components (25) .
Human osteocalcin may be determined in either serum or heparinized plasma with our EIA, although values measured in serum are -12% higher than those obtained in heparinized plasma (difference not statistically significant).
These results agree with those obtained by others (10, 15, 23) . Conversely, the use of citrate as anticoagulant appears not to be convenient, in our assay resulting in a 26% decrease (P < 0.05) of the measured osteocalcin, which is similar to the decrease Results given by various kits or published methods differ from each other (27) 
